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One Baylor Plaza dent visual system whose elements selectively influence
one another during the execution of a given visual task.Houston, Texas 77030
They trained monkeys to trace a curved line without
Selected Reading moving their eyes (see Figure). At the beginning of each
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Herron, C.E., Ramsey, M., Wolfer, D.P., Cestari, V., Rossi-Arnaud,
curved lines appeared, one of which, designated theC., et al. (1997). Nature 390, 281–286.
“target curve,” originated at the fixation point. After aBrunet, A., Datta, S.R., and Greenberg, M.E. (2001). Curr. Opin.
brief delay, the fixation point disappeared, and the mon-Neurobiol. 11, 297–305.
key was rewarded for making a saccade to the otherHusi, H., Ward, M.A., Choudhary, J.S., Blackstock, W.P., and Grant,
end of the target curve. The second curve, termed theS.G. (2000). Nat. Neurosci. 3, 661–669.
“distractor curve,” also began near the fixation point,Kelly, A., and Lynch, M.A. (2000). Neuropharmacology 39, 643–651.
and then it either passed near the target curve or elseKing, W.G., Mattaliano, M.D., Chan, T.O., Tsichlis, P.N., and Brugge,
intersected with it within a so-called “critical zone.” InJ.S. (1997). Mol. Cell. Biol. 17, 4406–4418.
order to perform the task correctly, monkeys had toLin, C.-H., Yeh, S.-H., Lin, C.-H., Lu, K.-T., Leu, T.-H., Chang, W.-C.,
determine whether or not the target and distractorand Gean, P.-W. (2001). Neuron, this issue, 841–851.
curves crossed within the critical zone, prior to makingMahanty, N.K., and Sah, P. (1998). Nature 394, 683–687.
the required eye movement.Maren, S. (1999). Trends Neurosci. 22, 561–567.
Psychophysical experiments have found that humanMarte, B.M., and Downward, J. (1997). Trends Biochem. Sci. 22,
observers solve this sort of task by moving visual atten-355–358.
tion along the target line from one end to the other. WhenPerkinton, M.S., Sihra, T.S., and Williams, R.J. (1999). J. Neurosci.
subjects perform a line-tracing task, they are better at19, 5861–5874.
judging the color of the target line than that of the dis-Schafe, G.E., Atkins, C.M., Swank, M.W., Bauer, E.P., Sweatt, J.D.,
tractor, evidence that the traced line is attended. Theand LeDoux, J.E. (2000). J. Neurosci. 20, 8177–8187.
time required to determine whether two ends of a lineSilva, A.J., Frankland, P.W., Marowitz, Z., Friedman, E., Lazlo, G.,
are connected to one another scales linearly with lineCioffi, D., Jacks, T., and Bourtchuladze, R. (1997). Nat. Genet. 15,
281–284. length (e.g., Joliceur et al., 1991). In previously published
experiments using the same task, Roelfsema and col-Sweatt, J.D. (2001). J. Neurochem. 76, 1–10.
leagues have provided physiological evidence that mon-Yang, F., He, X., Feng, L., Mizuno, K., Liu, X., Russell, J., Xiong, W.,
and Lu, B. (2001). Nat. Neurosci. 4, 19–28. keys adopt a similar strategy. As in the present experi-
ment, they recorded responses of primary visual cortical
neurons whose receptive fields fell along one of the
lines. Firing rates were higher when the line that passed
through the receptive fields was the target line. Elevated
Attention! responses appeared first at the starting end of the target
line, near fixation, and only later reached the far end ofV1 Neurons Lining Up for
the line (Roelfsema et al., 2000).Inspection
The key advance of the present study is that the au-
thors have related neuronal responses to behavioral per-
formance on a trial-by-trial basis, using a logic that has
been applied successfully in the analysis of visual mo-In this issue of Neuron, Roelfsema and Spekreijse
tion processing (e.g., Britten et al., 1996). They foundreport that macaque V1 neuron responses are corre-
that the monkey chose eye movements in accordancelated with target choice in a task requiring monkeys
with the responses of neurons in primary visual cortex.to attentively trace a line to plan a saccade. These re-
On trials in which the monkeys erroneously made a sac-sults provide evidence that V1 is actively involved in
cade to the distractor curve, the firing rate enhancementthe interpretation of visual stimuli.
switched over to the distractor curve after the critical
zone. Responses were elevated on the initial target
One of the organizing principles that has driven much curve segment, prior to the critical zone, regardless of
of vision research over the last 40 years is that visual whether the ultimate eye movement was right or wrong.
areas are organized hierarchically, with retinal informa- This is exactly what one would expect if monkeys failed
tion flowing through successive stages of processing, to correctly trace the target curve through the critical
each of which serves as the input for the next stage. zone.
According to this view, primary visual cortex autono- This study raises a number of important issues. The
mously performs elementary analysis of inputs from the authors propose a model in which rate enhancement
lateral geniculate nucleus and passes the results for- spreads along horizontal connections among V1 neu-
ward to higher-order areas where task-dependent pro- rons with collinear orientation preferences, thereby la-
cesses like attentional selection and decision making beling the V1 representation of the line (Roelfsema et
take place. In this issue of Neuron, Roelfsema and Spek- al., 2000; Roelfsema and Spekreijse, 2001). This model
reijse challenge this view by providing evidence that V1 is motivated, in part, by the finding that the time to
responses accord with the monkey’s interpretation of a complete line tracing in human subjects scales linearly
stimulus rather than with the stimulus itself (Roelfsema with line length. Similar path length-dependent reaction
and Spekreijse, 2001). This gives impetus to an emerging time patterns have also been observed when human
subjects mentally traverse a drawn maze (Crowe et al.,view of V1 as a participant in a functionally interdepen-
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effects do reflect object-based attention, they may
therefore depend on feedback from higher-order areas.
Notwithstanding these open questions, the present ex-
periments provide strong evidence that primary visual
cortex serves an important role as one of the set of
neural mechanisms that collectively interpret and select
out behaviorally relevant visual stimuli to control behav-
ior. This work thus represents a decisive advance in our
understanding of primary visual cortex and its role in
attentive, active vision.
Mazyar Fallah and John H. Reynolds
Systems Neurobiology Laboratory
The Salk Institute for Biological Studies
La Jolla, California 92037
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error trials in which the monkey traced the wrong curve
through the critical zone, such a spatial tracing process
could cause the response elevation to switch from target
to distractor curve at the critical zone, as the authors
observed.
Arguing against this possibility, the authors have
noted that, once elevated, the target curve responses
remain high throughout the remaining several hundred
milliseconds prior to the saccade. The authors have
proposed that this sustained response is a neural corre-
late of object-based attention in primary visual cortex
(Roelfsema et al., 1998). While this is an intriguing idea,
there is evidence that V1 lacks the capacity to represent
simple properties of objects, such as their continuity as
they pass behind an occluder. There is evidence that
such linking across occluders first manifests itself in
area V2 (Bakin et al., 2000; see, however, Sugita, 1999).
Another object property—maintained identity across spa-
tial locations—likely draws on the spatial invariance that
is afforded by the large receptive fields of neurons sev-
eral synapses farther from the retina. If the observed
